Minimally invasive robotic surgical techniques have been developed in order to improve patient outcomes and satisfaction. These minimally invasive techniques have been applied to numerous fields, including cardiac surgery. Currently, mitral valve repair and coronary artery bypass grafting are the most common procedures performed robotically. Numerous studies have shown that robotic technology provides similar outcomes to traditional surgery, which is much more invasive. However, there are numerous barriers to performing robotic surgery, including the cost of robotic systems and the steep learning curve associated with these systems. It is predicted that the indications for robotic cardiac surgery will increase as these limitations are addressed.
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The bedside unit contains the endoscope with various cameras providing the surgeon with 3-dimensional vision, as well as several arms with miniaturized surgical instruments such as scalpel, scissors, forceps, and electrocautery. The surgeon console consists of video screens, hand controllers, and pedals for functions such as camera focus and electrocautery. There are numerous advantages to robotic surgery when compared with laparoscopy or open surgery. It provides 3-dimensional visualization of the surgical field, whereas laparoscopy only provides 2-dimensional vision. 2 The hand movements used to operate the robotic system are more ergonomic and more closely approximate the range of motion of the human wrist. 3 In laparoscopy, surgeons must move their hands in the opposite direction that they want the instrument to move, which can impair hand-eye coordination.
2 Using the robot allows for more natural control of the instruments. In addition, the robot can scale down the surgeon's hand movements in order to perform very precise procedures. Finally, robots are able to minimize surgeon tremor.
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This surgical innovation has been extended to many fields, including cardiac surgery. Most types of cardiac surgery have traditionally been performed through a large midline sternotomy incision with its attendant risk of complications such as bleeding and infection.
1 There was naturally a strong push to apply any technology that could mitigate these risks, leading to the use of the first robotic cardiac surgeries in the late 1990s. 1 current role of robotic cardiac surgery
The current use of robotic surgery varies greatly depending on procedure. Yanagawa et al estimate that the rate of robotic assisted cardiac surgeries increased from 0.057% to 0.390% from 2008 to 2011 in the US. 4 While this is a large increase, it does not compare to the growth in other specialties, such as urology and gynecology. For example, the rate of robotic-assisted hysterectomy performed for benign disease increased from 0.5% to 9.5% from 2007 to 2010. 5 Even more striking is the increase of robotic surgeries for radical prostatectomy, from 1% in 2001 to 40% in 2006.
3 Described below are several cardiac surgeries where robotic use is highest. In Canada, availability of these procedures is generally limited to tertiary care hospitals.
Valve surgery
Robotic cardiac surgery was first applied to mitral valve repair, and this continues to be one of the largest uses of the technology. 6, 7 There are distinct advantages and disadvantages with this approach. Time on cardiopulmonary bypass may be longer for robotic surgeries; however, there several studies have shown that there is a significant reduction in complications which leads to a shorter length of hospital stay. 8, 9 The length of time the patient must spend on cardiopulmonary bypass is also decreasing as a result of technological advances.
10 Relative contraindications to robotic mitral valve surgery include significant left ventricular dysfunction, pulmonary hypertension, and extensive annular calcification. 11 The outcomes, including mortality, of minimally invasive mitral valve surgery appear to be comparable to that of mitral valve surgery with an open sternotomy. 12 In addition to mitral valve repair, the tricuspid valve is sometimes repaired using the robot but often in conjunction with other procedures. For example, one group performed a series of concomitant tricuspid and mitral valve repair operations with an acceptable rate of complications.
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Coronary artery bypass grafting (CABG)
Coronary artery bypass grafting is used in place of percutaneous coronary intervention for certain patients who have atherosclerotic disease. There are various types of robot assisted CABG, which are referred to as Hybrid Coronary Revascularization (HCR) procedures. 14 The goal of these minimally invasive approaches is to avoid sources of morbidity such as a full sternotomy, aortic clamping, and cardiopulmonary bypass. 14 The least invasive type of HCR is referred to as totally endoscopic coronary artery bypass (TECAB).
14 Other techniques may use the surgical robot but often involve a minithoracotomy, which is smaller than a sternotomy but larger than the endoscopic ports required for TECAB.
As in other types of robotic cardiac surgery, there are relative and absolute contraindications to TECAB, and therefore patients must be carefully selected for these surgeries.
14 Absolute contraindications include patients with hemodynamic instability and severely impaired pulmonary function. Relative contraindications include the presence of pleural adhesions, significant space limitation (i.e. due to obesity or an enlarged heart), and chest deformities. In addition, up to 10% of patients need to be converted to an open sternotomy during surgery due to difficulties with the operation. 14 Gasior et al compared HCR and standard CABG and found that the rate of death, MI, major bleeding, and repeat revascularization were equivalent in the two groups.
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Other applications
Robotic surgery has been successfully used to repair several other cardiac abnormalities, although these applications are less common than mitral valve repair and CABG. Atrial fibrillation ablation, patent ductus arteriosis closure, and atrial septal defect closure have all been performed via surgical robot. [16] [17] [18] discussion Current evidence shows the outcomes of robotic surgeries appear to be at least equivalent to outcomes of traditional surgeries. 4 This raises questions as to why robotic cardiac surgery has not been more widely adopted, especially when compared to the adoption of this technology in other surgical specialties. Despite the many benefits of robotic surgery systems, the technology also has several limitations.
The cost of robotic surgery is significant and must be taken into account. First of all, acquiring a robot such as the da Vinci requires a large financial outlay which is simply out of reach at many Canadian hospitals.
2 Secondly, the instruments can only be used a finite number of times before they must be replaced, adding additional costs to the surgery.
1, 19 These costs mean that in general, cardiac surgeries are more expensive when using a robot when compared to a laparoscopic approach. 4 Another oft-cited explanation for the lack of adoption of robotic approaches is the steep learning curve associated with learning to perform these surgeries.
14 Surgeons may only take on more complex procedures as their skill level increases. 12 There are also technique limitations when using robotic surgery. While the da Vinci system is very ergonomic, one thing that has not been replicated in laparoscopic or robotic surgery is haptic (touch) feedback, although researchers are working to develop this technology.
2 In addition, Canale et al cite the lack of an endoscopic surgical tradition in the cardiovascular surgery community which may lead to cultural barriers to the adaptation of this approach. 19 Robotic surgical procedures also generally have longer operative times, which means that they use more operating room time when this resource is in short supply.
14 However, some authors claim that with increased surgeon experience, operative time can approach that of cardiac surgeries involving open sternotomy. 7, 11 In addition to the above limitations, there are other surgical approaches that are even less invasive than robotic surgery. Procedures such as transcatheter aortic valve implantation, where an aortic valve is inserted through a catheter, are excellent options for certain patients and have become more common in recent years. 20 In conclusion, the use of robotic techniques has been shown to be safe and effective in numerous types of cardiac surgeries. The main barrier to the use of robotic systems appears to be the high costs associated with performing these surgeries, and to a lesser extent, the extensive training required to master the robotic system. Certain questions remain to be answered with regards before robotic surgery becomes the standard of care for the above cardiac surgeries. While there is some robust existing data about, more randomized controlled trials could help clarify the role for robotic technology in cardiac surgery. While the adoption of this technique has thus far been relatively limited in cardiac surgery, it continues to increase. The broader applications of robotic technology will likely contribute to this approach having a larger impact on the field of cardiac surgery in the future. clinical procedures
